This study describes preparation of test samples composed of freeze-dried strain of S. aureus and powdered milk as a matrix. In the first part of the study, the number of S. aureus cells freeze-dried in skim milk or horse serum were compared at two levels of contamination (10 4 and 10 5 cfu g -1 ). The analysis of the samples was performed three times within a week. The preliminary results showed that the samples composed of S. aureus freeze-dried in horse serum were more stable and homogeneous than those prepared with skim milk. These results were further confirmed after analysing a higher number of such samples. Therefore, this procedure was then chosen for preparation of the samples for proficiency tests (PTs). Homogeneity and stability of these samples were checked according to ISO 13528. The results obtained showed that the samples met the criteria of stability and homogeneity required for PTs and were used in PT for enumeration of S. aureus in powdered milk.
National Veterinary Research Institute (NVRI) in Pulawy, Poland, as a National Reference Laboratory for coagulase positive staphylococci including Staphylococcus aureus, organises proficiency tests (PTs) for official food control veterinary laboratories. The tests are a good instrument to evaluate the technical competence of the laboratories performing such analyses. The samples used in PTs need to be homogeneous in order to be sure that, when a laboratory result differs from those reported by other laboratories, the inconsistency can be attributed to analytical methods but not to the provided sample. Preparation of the homogeneous samples for proficiency testing schemes is a challenge for the PT organisers and the success depends on many parameters (5, 6) . Standard methods of homogeneity testing involve a duplicate analysis of at least 10 randomly selected samples. The variability between samples is determined and compared with standard deviation for proficiency assessment. To perform stability testing it is necessary to analyse the samples in a period when the participants of PT should perform their analyses. The average of measurements obtained in the homogeneity check is compared with the average of the results obtained in the stability analysis (3).
The aim of this study was to evaluate the homogeneity and stability of samples used in PT in enumeration of coagulase positive staphylococci (CPS) in powdered milk.
Material and Methods
Preparation of test samples. The PT included samples consisting of powdered milk as a matrix and freeze-dried test strain of Staphylococcus aureus ATCC 25923. To assess the optimal way of freeze-drying the bacteria, two series of experiments were performed at two levels of contamination: 10 4 cfu g -1 and 10 5 cfu g -1 in skim milk and horse serum, respectively. After choosing the best procedure of bacterial preparation, the final homogeneity and stability of test samples were performed in the frame of PT.
S. aureus was cultured on brain heart infusion (BHI) broth (Oxoid, UK) at 37°C for 24 h. The bacterial culture was then mixed with skim milk or horse serum to obtain the final concentration of 10 4 cfu g -1 or 10 5 cfu g -1 in powdered milk. The mixtures were then frozen at -70°C before lyophilisation. The freeze-dried bacteria were stored at 2-8°C. The samples for the analysis were prepared by mixing the lyophilised bacteria with 10 g of milk powder. After the diluent (potassium dihydrogen phosphate) was added, the samples were incubated at room temperature for 1 h and analysed according to the EN ISO 6888-2 standard (1). Scheme of the experiment. In the preliminary experiment, powdered milk mixed with freeze-dried S. aureus suspended in horse serum was used. The samples were analysed 3 times a week -immediately after freeze-drying (D 0 ), after 4 d (D 4 ), and after 7 d (D 7 ), respectively. Simultaneously, at D 0 , the samples consisting of freeze-dried S. aureus suspended in skim milk and powdered milk were also tested.
Considering the results of the analysis described above, the second part of the experiment was performed only with the samples fortified with S. aureus strain freeze-dried in horse serum. Finally, the test samples for PT participants were prepared and their homogeneity and stability were checked according to ISO 13528 (4).
Results
During the preliminary experiments, it was found that powder milk samples mixed with S. aureus freeze-dried in skim milk had a very low homogeneity (Table 1) . For this reason, these samples were not included in the further tests. On the other hand, the samples with S. aureus lyophilised in horse serum had a very low standard deviation, which indicated their good homogeneity. Furthermore, the difference between mean results of these samples obtained within 7 d was 0.06 for samples on low level of contamination and 0.01 for highly contaminated samples, which indicated also their good stability ( Table 1 ). The preliminary results were further confirmed when a higher number of samples containing S. aureus freeze-dried in horse serum were tested for their homogeneity. The results of these experiments are summarised in Table 2 . It was noted that the number of bacterial cells was very stable when tested at days 0 and 4 and the difference between the mean results was 0.01 for 10 4 cfu g -1 and 0.08 for 10 5 cfu g -1 .
The final experiment was then performed with the samples prepared for PT, which contained S. aureus lyophilised with horse serum. The samples (two at each contamination level) were tested on a day of shipment to the participants. The homogeneity was investigated according to Annex B of ISO 13528:2005 where standard deviation between samples (s s ) was compared with standard deviation for the proficiency assessment (σ). The samples were homogeneous when s s ≤0.3σ. The σ value calculated from the participant results was 0.08 and 0.10 at low and high levels of contamination, respectively. Thus, 0.3σ was calculated as 0.02 and 0.03, respectively, so the homogeneity criterion was met and the test samples were considered as homogeneous.
The stability test was also performed according to Annex B of ISO 13528:2005 and comprised the comparison of the average of the results obtained in the homogeneity check (x.,.) with that of the results obtained in stability check (y.,.). These samples in duplicate were analysed twice -before sending to the participants and then on the day of the analysis. It was found that the samples contaminated with a higher number of S. aureus cells (10 5 ) did not meet the criterium of stability (|x.,. 
Discussion
This study shows that using freeze-drying of S. aureus strains is a good way to obtain stable and homogeneous samples proficiency testing. However, S. aureus strains were stable when they were suspended in horse serum but not in skim milk before freeze-drying.
Grimaldi et al. (2) described the methods of setting up proficiency testing schemes for enumeration of S. aureus. In their studies, pure cultures of S. aureus, Salmonella Typhimurium, and Escherichia coli at various concentrations were mixed together with milk and 2 mL of the suspension was lyophilised. To obtain a test sample, the content of each vial was suspended in 2 mL of tryptone solution, and then divided into two portions of 1 mL each. Ten samples in duplicates were analysed to check homogeneity and five samples in duplicate were analysed to check stability of the test samples according to the instructions from "Harmonised Protocol for the Proficiency Testing" (8). The data obtained showed no suspect features including discordant duplicate results, outlying samples, trends, discontinuities or other systematic effects. Their observations, similarly to those obtained in the present study, indicate that freeze-drying is a useful tool to obtain homogeneous samples but the level of bacteria decreases after this process (for S. aureus from 10 4 to 10 2 cfu g -1 ). However, our studies revealed that strains suspended in milk were not homogeneous. In the studies described by Peterz and Steneryd (7) , selected cultures of bacteria were mixed with inositol serum broth, and 0.5 mL portions were frozen and lyophilised. The freeze-dried material was reconstituted in 54 mL of 0.1% peptone saline and then examined. The stability of the samples was checked by analysing three or five replicate vials every fourth week during a one year period. The homogeneity was checked by examination of five randomly selected vials. According to the authors' observations, the number of the most microorganisms examined remained fairly stable. Additionally, the authors suggested that freeze-dried mixed cultures can be used to test performance of media and the reproducibility of testing methods in individual laboratories in qualitative and quantitative microbiological examinations. The stability and homogeneity of the samples were assessed during 1 year when stored at 2 0 C to 6 0 C. In our studies, similar temperature of storing of freeze-dried strains was used (2-8 0 C) but homogeneity and stability was performed only for one week. Considering the data reported by Peterz and Steneryd (7), it may suggest that samples prepared by us may remain stable and homogeneous also for a longer period of time and this will be tested in the future.
Before preparing test samples in the frame of PT, it is important to select the procedure of sample preparation that will guarantee their homogeneity and stability during participating in the PT. This choice depends on the organiser experience or from the results of experiments designed in the frame of preparation to organising the PT.
